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ABSTRACT 
 
Introduction 
40 million Americans run regularly.1 Contrary to many runner’s beliefs, increased 
strength may be beneficial while not adding body mass. An increase in strength in 
specific muscles may improve running gait and performance.9,6 Strength training may 
also play an important role in preventing common overuse injuries in running11,12 
Depending on the style of strength training, it may also have an enhanced benefit on 
running economy.4,16  
Participation in CrossFit is also widely popular, with an increase in participation of 
923% in the past ten years.2 CrossFit is a type of strength training in which most 
movements performed utilize the hip to generate a majority of the power for successful 
completion.8 Muscles of the hip and knee are imperative during many CrossFit 
movements, but also during running.  
Purpose 
The purpose of this study is to investigate the influence that CrossFit training has 
on running mechanics.  
Methods 
18 recreational runners between the ages of 18-65 were recruited in each of two 
groups: 9 runners that also participate in CrossFit 3 times per week, and 9 runners that 
do not do any strength training. Inclusion criteria included running at least 10 miles a 
week. Participants gave written consent and completed a demographic questionnaire 
and Physical Activity Readiness Questionnaire. Following consent, InBody (570, InBody 
USA, Cerritos, CA) bioelectric impedance body composition was collected.  
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Participants then completed a 5-minute treadmill warm-up. Retro-reflective 
markers were placed bilaterally on the shoulders and hips and unilaterally on the leg 
and foot. Data collection was completed over ground along a 10-meter runway with 
three embedded force platforms (1000 Hz, AMTI Optima, Watertown, MA). Preferred 
running velocity was then determined. Participants performed two separate conditions; 
preferred running velocity (C1) and a set velocity of 3.5 m/s (C2). Trials were collected 
via three-dimensional motion capture system (200 Hz, Vicon, MX and Vantage, 
Oxfordshire, UK) and photoelectric timing gates. Eight successful trials were collected 
for each condition. 
Participants then performed strength testing of the hip and knee to determine 
peak torque using the isokinetic dynamometer (Biodex System 3, Biodex Medical 
Systems Shirley, NY) each consisting of one set of five reps at 120 °/s .  
Data Analysis 
Following collection, trials were individually processed using Vicon Nexus 
software (version 2.2.3, Oxfrodshire, UK). Trials were then exported to Visual 3D 
(version 5, Germantown, MD) and further processed.  
Statistics  
Kinematic and kinetic variables were analyzed with a 2x2 repeated measures 
ANOVA. Strength variables were analyzed with independent t-tests. Alpha level was set 
to 0.05. 
Results 
 There was a significant difference between the CF group and the RO group in all 
of the strength measures, with the CF group having greater strength. For hip ROM, 
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there were no significant differences between the groups, but there was a significant 
difference between the conditions  
 
Discussion 
  Although there were few differences between the two groups, the main finding of 
this study is that the CrossFit group was significantly stronger than the run-only group. 
This is of importance because it demonstrates that even though the CrossFit group was 
stronger, the running mechanics of the two groups were similar.  
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CHAPTER 1: INTRODUCTION 
Participation in recreational running has exploded in recent years with more than 
40 million Americans regularly participating in the activity.1 However, running is not the 
only activity on the rise. The idea of being strong and having more muscle mass has 
jutted into the spotlight by means of many activities. It has been brought to the public’s 
attention that having more muscle mass can be beneficial for health and looks. An idea 
that supports additional muscle mass and is gaining a lot of popularity is the notion of 
being functionally fit.  The idea of being functionally fit is that the athlete is prepared for 
anything and everything. CrossFit is a strength and conditioning program focused on 
functional fitness. Participation in CrossFit has increased dramatically in the past ten 
years with a 923% increase in CrossFit gyms around the world between 2005 and 
2015.2   
Runners typically tend to avoid adding body mass in fear that added mass will 
slow them down. Therefore, there is a tendency for runners to avoid strength training 
programs. What many runners do not realize is that muscle mass is a functional 
addition; the added muscle mass plays a role in movement. Strength training is not 
always accompanied by an increase in mass. If muscles hypertrophy due to strength 
training, the additional mass is active mass contributing to the performed movement. 
Increases in muscular strength improve performance measures in running. Participation 
in strength training also improves running economy.3.4 It has been shown that runners 
who undergo a strength training protocol develop a more efficient running economy.3,4 
Not only are there benefits to the performance properties of running, but to the 
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mechanical aspects as well. Strength training has been shown to enhance running gait 
mechanics in ways to potentially reduce risk of injury. 5–7  
One of the core ideas behind most movements performed in CrossFit is that the 
actions are driven by the hips. Whether it be gymnastics style movements or 
weightlifting, if the movement is hip driven, most of the power to complete the 
movement is generated at the hips. 8 With this focus on the hip, the muscles of the hip 
of CrossFitters may be stronger than for those that do not participate in CrossFit, yet 
this has yet to be empirically studied.  Not only are the muscles of the hip important 
during CrossFit, they are also instrumental in running. The hip extensors are one the 
main movers and power generators during the stance phase of running. Therefore, the 
proposed benefits of CrossFit training have the potential to be beneficial for runners.  
Purpose of the Study  
The purpose of this study was to investigate the influence that CrossFit training 
has on running mechanics. To complete this goal, runners who either only run or also 
participate in CrossFit were asked to complete a running protocol in the lab in which 
kinematic and kinetic variables were assessed. The runners then completed a strength 
protocol which consisted of isokinetic dynamometry of the hip and knee. Hip and knee 
flexion and extension peak torque values were assessed.  
Research Questions  
This study aims to answer two main research questions pertaining to differences in 
kinematic and kinetic variables between runners who only run and runners who also do 
CrossFit:  
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1. Do runners who also participate in CrossFit have more hip and knee flexor and 
extensor muscle strength than runners that only run? 
2. Does CrossFit training contribute to hip power generation in running? 
Significance of the Study  
 Many runners sustain injuries throughout their running career. With the 
previously mentioned rise in running population any inquiry into possible mechanisms 
that may prevent or decrease injury rates is significant. Additionally, due to the brevity of 
the development of CrossFit, there is a lack of peer-reviewed research investigating it. 
Not only is it relatively new, but it is also extremely popular and growing. Therefore, 
there is a need for investigations that consider aspects of CrossFit that expand beyond 
the gym itself.  
Statistical Hypotheses 
The research questions will be focused upon the following statistical hypotheses. 
The null (Ho) and alternative (Ha) hypotheses are:  
 Ho1: There will be no difference in hip and knee flexor and extensor strength 
between the two groups.  
 Ha1: The CrossFit group will have more hip and knee flexor and extensor 
strength than the run-only group.  
 Ho2: There will be no difference in running kinetics between the two groups.  
 Ha2: The CrossFit group will have more active hip power during running 
demonstrated by greater peak power in the sagittal plane than the run-only group.  
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 Ho3: There will be no difference in running kinematics between the two groups.  
 Ha3: The CrossFit group will have less range of motion in hip and knee angles 
than the run-only group.  
Limitations  
A possible limitation of this study is that our population was narrowed due to the 
selection of inclusion criteria, including participation in running and CrossFit. By 
selecting CrossFit as a strength training program, assumptions are being made that the 
differences we saw were because of CrossFit participation. An additional limitation may 
be the definition used to categorize strength training in this study. CrossFit is 
categorized as “organized” strength training. The definition of organized strength 
training is any training done in a class with a teacher. The limitation is that people that 
do CrossFit do not always do CrossFit in a class. It is possible for people to do CrossFit 
individually and at a regular gym or even in their own home.  
Delimitations  
In this study, delimitation is the method used to determine the dominant leg 
through self-reported means. We asked the participants which leg they would use to 
kick a soccer ball as that is a common method of dominant leg determination. 
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CHAPTER 2: LITERATURE REVIEW 
Running  
Human skeletal muscles produce movement with several muscles and/or groups 
of muscles that must working together. Lower extremity muscles play an important role 
in movement production and stabilization. Running gait can be broken down into 
multiple phases: heel-strike, stance, toe-off, and swing. Heel-strike is the initial contact 
of the foot with the ground. Stance is the period between heel-strike and toe-off in which 
the foot in still in contact with the ground. Toe-off is the propulsion phase of stance in 
which the foot is propelling the body off the ground. Swing is considered the time when 
the foot is in the air. During running, the muscles of the hip, knee and ankle are of 
interest. The hip and knee extensor muscle groups are the dominant muscle groups 
during the stance phase of running.  
Increased strength in the hip extensors and abductors has shown to improve 
particular portions of running gait and running performance.5,6,9 One role of the hip 
extensors during heel strike is to absorb and dissipate the impact from landing.9  
Decreased hip extensor strength may decrease the ability of this muscle group to 
perform the task of impact absorption. Decreased hip abductor strength has important 
implications in stabilization during the stance phase of running. Greater transverse 
plane motion is observed with lower hip abductor strength.6 Additionally, a hypermobile 
joint is a less stable joint.  Increased joint motion is correlated with decreased muscular 
strength. Specifically, lower hip extensor strength has been correlated with greater 
frontal plane hip motion.5 
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Running Injuries  
In recent years, recreational running has evolved into a sport and activity with 
high participation rates. In the United States alone, 40 million people regularly run.1 It is 
estimated that as many as 65% of runners sustain injuries throughout their running 
lifetime.10 Due to the repetitive nature of running, overuse injuries are common. Most of 
the overuse injuries occur at the knee, with the most common causes of pain being 
patellofemoral pain syndrome (PFPS) and iliotibial band syndrome (ITBS). 1 The 
location of PFPS is typically in the anterior portion of the knee, whereas ITBS is located 
on the lateral portion of the knee. 11,12 
The etiologies of PFPS and ITBS are not entirely understood. There are several 
factors that may contribute to development of PFPS and these include mal-alignment of 
the lower extremity, specifically at the patella, overuse, and muscular imbalances.11 
Similar to PFPS, there are multiple factors that could contribute to ITBS development. 
As stated previously, ITBS is a common consequence of overuse, but particularly 
running on a track in the same direction or increasing running distance too quickly.12 
This may be due to an imbalance between the two limbs in knee extension and flexion 
when running in the same direction on a track. It has also been found that there is often 
an imbalance in knee flexion and extension strength in runners with ITBS.12 An 
imbalance in hip adduction and abduction control in the runner’s affected limb is also 
seen with ITBS demonstrated by increased hip adduction moments.13 Therefore 
strength appears to be a factor in the development of both ITBS and PFPS.11,12 
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Running Performance  
 Running performance is a measure often defined by running velocity. There are 
two main factors that determine running velocity; stride frequency and stride length. 
Another common metric to determine running performance is to calculate running 
economy (RE).  It is described as oxygen cost for running at a given velocity.14 RE is a 
measure of efficiency during running and is primarily used as an indicator of 
performance and fitness. It is a useful tool when looking to compare differences in 
performance due to an intervention, such as strength training. It has been shown that 
strength training has enhanced benefit on RE in long distance runners.15  
Different styles of strength training may influence RE differently. In a study 
comparing explosive training versus heavy weight training on RE, there was more of an 
improvement in RE for the heavy weight training group than for the explosive training 
group.  The explosive training protocol used sets of a twelve-rep maximum in which 
participants were instructed to perform the concentric portion of the movements as fast 
as possible. The heavy weight training protocol used 3 sets of a six-rep maximum. The 
resistance for both groups was increased to maintain the correct number of reps per 
set. Both groups also participated in regular endurance training. 4 Peak VO2 was higher 
after the heavy weight training program compared to athletes who completed only the 
explosive training. Both groups had no change in body mass, but the explosive training 
group did demonstrate a reduction in body fat.4  In contrast, another study looking at 
heavy strength training and RE showed no improvement in peak VO2.16  Although the 
two studies showed opposite results in peak VO2, they both demonstrated increases in 
strength for the heavy weight groups and no change in body mass which is of extreme 
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importance to runners. A runner can partake in heavy weight training and not 
significantly alter body mass thus discrediting the notion that strength training makes 
people “too bulky”. 
Strength Training  
There are many styles of strength training. One way to distinguish different 
categories of strength training is to describe it as either organized strength training or 
unorganized strength training. For the purposes discussed here, organized strength 
training is any type of strength training that takes place in a class lead by an instructor 
and unorganized strength training is any type of strength training done outside of a 
class setting. In this case, personal, one-on-one training would fall into the unorganized 
category because it is done outside of a group class setting. Among the many types of 
instructor-led classes available to all varieties of consumers, there is a plethora of 
activities taught.  Classes are offered in a wide spectrum of settings, from mainstream 
to boutique gyms. The curriculum of offered classes is also quite broad.  
The American College of Sports Medicine (ACSM) defines resistance training as 
“a form of physical activity that is designed to improve muscular fitness by exercising a 
muscle or muscle group against external resistance”.17 According to the ACSM stance 
on resistance training for healthy adults, “Maximal power production is required in the 
movements of sport, work, and daily living”.18 Greater power production is equivalent to 
doing the same amount of work in less time or more work in the same amount of time.18 
Following the ACSM’s recommendations, emphasis should be placed on multiple-joint 
movements to enhance power production.18 There is a lot of crossover between power 
production and sports performance.   
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Most research looking at concurrent resistance/strength and endurance training 
is done in the form of a training study. There are typically three groups: an endurance 
group, a strength group, and an endurance and strength group. A study on trained 
rugby players showed that the strength group had greater increases in strength than the 
strength and endurance group.19  Not only did the strength group increase strength 
measures, but they also maintained endurance performance values.  It has also been 
shown that strength training alone is more beneficial to muscle strength gains than 
strength training in combination with endurance training.19 
CrossFit 
One type of organized strength training that is on the rise in popularity is 
CrossFit. CrossFit is a branded strength and conditioning fitness program founded by 
Greg Glassman. It is self-described as “constantly varied functional movements 
performed at high intensity”.20 The CrossFit program describes fitness as the participant 
being competent in multiple domains including: cardiovascular and respiratory 
endurance, stamina, strength, flexibility, power, speed, coordination, agility, balance, 
and accuracy. Not only is CrossFit a strength and conditioning training program, it also 
created its own journal titled “CrossFit Journal”. This journal is not peer reviewed, but is 
open-sourced and claims to be “a chronicle of the empirically driven, clinically tested, 
and community-developed CrossFit program”.21 Because it is a new fitness regimen, 
there is limited peer-reviewed science researching CrossFit. Most of the research on 
CrossFit has previously been published in the CrossFit Journal but the program design 
of CrossFit is similar to high intensity interval training (HIIT). HIIT utilizes repeating, 
alternating intervals at moderate and high intensity with a designated rest period. One 
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popular design for a workout utilized in CrossFit and HIIT is the tabata. A tabata style 
workout consists of 20 seconds of work followed by 10 seconds of rest repeated in four 
minute blocks.22 During a tabata-style workout, one study demonstrated that 
participants could burn between 240 – 360 kcals for the 20-minute workout.  The design 
of many CrossFit workouts is to either do as much as possible within a designated time, 
or to perform a certain amount of reps as quickly as possible. These workouts are 
usually done utilizing multiple implements, and rep schemes at a very high intensity and 
do not always have a designated rest period.  
It is thought that HIIT can produce rapid and drastic changes to endurance 
performance.23  Participants in HIIT also report that it is more enjoyable than steady-
state training.24  HIIT workouts may allow participants to train at a higher intensity for a 
shorter amount of time, and still gain similar endurance effects to typical endurance 
training. Improvements in VO2 can be seen with HIIT training done at or above the 
established VO2 max. These improvements are greater than improvements made due 
to moderate intensity training.25  A HIIT protocol has also been shown to improve RE 
and delay the symptoms of fatigue.25 A study by Smith et.al looked at the effects of a 
CrossFit-style training program on aerobic fitness and body composition.26 They 
determined that a ten-week training program utilizing a typical CrossFit workout 
significantly improved aerobic fitness and body composition. Aerobic fitness was 
determined by VO2 max and body composition was determined utilizing air 
displacement-plethysmography to determine body fat percentages.26  
CrossFit prides itself on its functionality. One of the core beliefs of CrossFit 
training is that it should prepare the athlete for anything and everything. If CrossFit is 
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designed to prepare the user for daily tasks, it could be assumed that it can also 
prepare you to be a better runner.  A lot of the movements that the CrossFit program 
utilizes emphasize whole body strength generation. Many of these whole body 
movements place a strong emphasis on using the hip to generate a majority of the 
power for successful completion.8 Not only are the muscles of the hip and knee 
movement imperative during many CrossFit movements, they are also the primary 
drivers during a running movement.27 CrossFit training may benefit runners due to 
improvements in aerobic fitness and increases in strength that may improve running 
mechanics.  
Conclusion 
 Many aspects of running are affected by strength. Increased levels of muscular 
strength have shown to improve running gait mechanics, particularly at the hip and 
ankle.  Not only does strength training improve running mechanics, but it also improves 
running economy and running performance, making runners more efficient. Due to the 
time demands of endurance training it is important to weigh the benefits and detriments 
of additional training. Concurrent strength and endurance training has shown to improve 
both strength and endurance performance values. One method of strength training that 
may be beneficial to runners is CrossFit. CrossFit emphasizes full body, functional 
strength and aims to improve every aspect of fitness. The supplementation of strength 
training to recreational runners’ training protocol leads to improvements in mechanics 
and performance and may prove to be a beneficial addition.  
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CHAPTER 3: METHODS 
Purpose 
The purpose of this study is to investigate the influence that CrossFit training has 
on running mechanics. 
Participants  
18 recreational runners between the ages of 18-65 years were recruited from the 
Las Vegas area in each of two groups: 9 runners that participate in CrossFit and 9 
runners that do not do any strength training. Inclusion criteria included running at least 
10 miles a week for all participants and participating in at least 3 CrossFit classes per 
week for the CrossFit group (CF). Any individual who reported a lower extremity 
surgery, or an injury within the past 6 months that resulted in cessation of activity for two 
or more days, or was pregnant was excluded from the study. Participants were asked to 
report to the Sports Injury Research Center (SIRC) once, with that visit lasting 
approximately 1-2 hours.  
Procedure  
Upon arrival participants were provided with information regarding the study and 
were given time to ask any questions before granting written consent. Following 
consent, participants completed a demographic questionnaire and weight and height 
were recorded.  Dominant leg was determined by asking participant which leg they 
would kick a soccer ball with and was recorded. InBody bioelectric impedance body 
composition (570, InBody USA, Cerritos, CA) was collected.  
 13 
Participants were asked to perform a self-directed running warm-up on a 
treadmill for five minutes. Retro-reflective markers were placed bilaterally on the 
acromion, anterior superior iliac spine, posterior superior iliac spine, iliac crest.  Retro-
reflective markers were placed on the side of the body that corresponds with the 
dominant leg on the greater trochanter, medial and lateral knee, medial and lateral 
ankle, head of the first toe, base of the first toe and base of the fifth toe. Retro-reflective 
marker clusters were placed on the thigh, leg, and heel. Data collection was completed 
over ground along a 10-meter runway with three embedded force platforms (1000 Hz, 
AMTI Optima, Watertown, MA). Participants were allowed several practice runs on the 
runway to become familiar with the runway and targeted pace. Subjects were instructed 
to start in a location that was adjusted by the researchers to allow one footfall on the 
force platform within the runway. Preferred running velocity was determined by 
instructing participants to run at a pace that is typical of a training day pace. Eight trials 
were collected and averaged to determine preferred running velocity. Participants 
performed two separate conditions; preferred running velocity (C1) and a set velocity of 
3.5 m/s (C2). C1 was always collected first to ensure that C2 did not influence the 
participant’s preferred velocity. Trials were collected via three-dimensional motion 
capture system (200 Hz, Vicon, MX and Vantage, Oxfordshire, UK) and photoelectric 
timing gates. Eight successful trials were collected for each condition. With a successful 
trial being defined as the participants striking the force platform with the dominant leg 
without targeting the force platform while achieving target velocity.  
Participants then performed strength testing of the hip and knee to determine 
peak torque using the isokinetic dynamometer (Biodex System 3, Biodex Medical 
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Systems Shirley, NY). For the hip measurements, participants were placed in a supine 
position with the knee flexed for hip flexion and extension. The hip attachment was 
utilized following manufacturer specifications. Concentric hip flexion and extension of 
the dominant leg was measured over one set of five reps at 120 °/s. For the knee 
measurements, participants were seated with the hip at 90. The knee attachment was 
utilized following manufacturer specifications. Concentric knee flexion and extension of 
the dominant leg was measured over one set of five reps at 120 °/s.   
Data Analysis 
Following collection, trials were individually processed using Vicon Nexus 
software (version 2.2.3, Oxfordshire, UK). Trajectory data were interpolated using a 
quintic spline, filling gaps up to 20 frames. Trials were then exported to Visual 3D 
(version 5, Germantown, MD). The data were then filtered using a low pass fourth order 
zero lag Butterworth filter at 10 Hz for kinematics and 50 Hz for kinetics. Stance phase 
was determined using vertical ground reaction forces. An ascending and then 
descending cutoff of 20 Hz was utilized for determination of touch down and toe off.  
Hip, knee and ankle joint angles, moments and power were calculated using 
inverse dynamics throughout the entire stance phase.  Hip, knee and ankle joint angles 
at heel strike were identified in all planes. Hip and knee peak joint velocities, moments 
and power were identified in all three planes for both joints.  Loading rate was identified, 
as well as peak vertical ground reaction forces. For the isokinetic dynamometry, the 
maximum torque values of all trials for the hip and all trials for the knee were selected.   
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Statistics 
Kinematic variables of interest included: hip, knee and ankle joint angles at heel 
strike in all planes; and hip and knee peak angular velocity in all planes. Kinetic 
variables of interest included: loading rate; peak vertical ground reaction force; and hip 
and knee peak moments and power in all planes. Averages of individual trials were 
utilized statistically. The strength variable of interest was the maximum torque value of 
all trials for the hip and knee per participant. Independent t-tests were used to assess 
statistical differences between groups. Alpha level was set to 0.05. 
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CHAPTER 4: RESULTS 
 
Demographic characteristics of the participants are shown in tables 1 & 2. All the 
participants reported being right leg dominant.  
 
 
Table 1- Demographics 
Group Age (years) Height (cm) Mass (kg) % Body Fat 
CF 28.4 ± 4.6 170.1 ± 10.1 74.6 ± 16.2 21.33 ± 7.7 
RO 34.9 ± 12.5 167.8 ± 13.7 71.0 ± 16.0 27.2 ± 8.8 
     *denotes significant difference between groups 
 
 
 
Table 2 – Exercise Demographics 
Group Weekly mileage 
Preferred 
Running 
Velocity 
(m/s) 
Years of 
running  
Weekly CF 
Participation 
(hrs) 
Years of CF  
Weekly 
exercise 
(hrs) 
CF 11.6 ± 3.6* 3.07 ± 0.4 2.86 ± 2.3 3.83 ± 0.66* 2.28 ± 0.97* 7.44 ± 2.3 
RO 24.22 ± 20.7 2.80 ± 0.6 3.83 ± 5.2 0 ± 0 0 ± 0  7.00 ± 3.04 
*denotes significant difference from RO group 
 
 
 
 
Figure  1. Strength Values -  *denotes sgnificant difference between groups 
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There was a significant difference between the CF group and the RO group in all 
of the strength measures, with the CF group having greater strength; hip flexors (p-
value = 0.04), hip extensors (p-value = 0.01), knee flexors (p-value >0.01), knee 
extensors (p-value = 0.02) (figure 1). For hip ROM, there were no significant differences 
between the groups, but there was a significant difference between the conditions 
(preferred: 42.7± 5.2 Nm; 3.5 m/s: 49.0 ± 6.2 Nm; p-value < 0.01). There were no 
significant differences between the groups or conditions for hip moments.  
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CHAPTER 5: DISCUSSION 
 
The purpose of this study was to investigate the influence that CrossFit training 
has on running mechanics. We were able to accept our hypothesis that the CrossFit 
group had greater hip and knee flexor and extensor strength than the run-only group. 
We did not however, support our hypotheses that there would be differences between 
groups in the variables of interest relative to running mechanics.  
Supporting our first hypothesis, we confirmed that runners who also participate in 
CrossFit exhibited greater strength than runners who do not participate in strength 
training. The CrossFit group demonstrated significantly greater strength in hip and knee 
flexion and extension.  Specifically, the CrossFit group had 25% greater hip flexor 
strength, 88% greater hip extensor strength, 42% greater knee flexor strength, and 34% 
greater knee extensor strength. Although the two groups were exercising approximately 
the same number of hours each week, the CrossFit group devoted at least half of that 
time to CrossFit specific classes. Most, but not all, of these classes have a strength 
training component to them. This likely accounts for the differences in the strength seen 
between the two groups as the run-only group does not participate in any strength 
training.  
It has been previously determined that concurrent endurance and strength 
training can increase endurance performance more than endurance training alone. 4 
Smith et al found that participating in a CrossFit based training program for ten weeks 
produced aerobic fitness benefits.26 While neither of these studies looked at strength 
values using isokinetic dynamometry, it can be assumed that the participants had some 
level of increased strength with an added strength training protocol. Running Economy 
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(RE) is a metric commonly used to determine endurance performance. It has been 
previously shown that RE is improved with strength training.15 We did not measure RE 
in this study, but we did look at running velocity.  Running velocity is an additional 
indicator of running performance, and we can use preferred running velocity as a value 
to compare between groups. There was no significant difference between the preferred 
running velocities of the two groups. Preferred velocity has been tied to general health 
and therefore may indicate that the general health may be similar between the two 
groups.  As seen in our study, concurrent strength and endurance training, as seen with 
runners who participate in CrossFit, similarly increased strength with no detriment to 
endurance performance. This supports the concept that CrossFit training does not 
hinder preferred running velocity in the lab in the groups observed.   
An ideal body composition is a primary concern of most runners. Adding heavy 
weight training can produce advantages in running performance, but does not produce 
significant negative body composition adaptations in runners. 4,16 In our study, the 
CrossFit group was stronger, but did not have any significant differences in body mass. 
In spite of the similarities in muscle mass, they were able to produce greater strength in 
the muscle groups measured.  
Not only does strength play a role in running performance, but also running 
injuries. Strength may be an important risk factor in the development of prevalent 
injuries to runners.11,12 Muscular imbalances may be present in the development of 
lower extremity injury, specifically PFPS.11 One measure of muscular balance in the 
lower extremity is the hamstrings to quadriceps ratio (HQR). Ideally, a healthy ratio is 
around 0.6, with the hamstrings being 60% as strong as the quadriceps.28 The findings 
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in the strength data in this study led to a secondary analysis of the HQR for both 
groups. The HQR was the only piece of strength data that was not in the CrossFit 
group’s favor. The average HQRs were as follows: CF group 0.48, RO group 0.52. 
Although there was not a significant difference between the HQR of the two groups, the 
RO HQR was closer to the ideal value of 0.60.   
The assessment of the second hypothesis, that the CrossFit group would have 
more active hip power during running, was modified. The profile of the power 
waveforms for each subject varied greatly (see figure 2).  This may be because power is 
calculated using inverse dynamics and is dependent on multiple factors.  Due to these 
inconsistencies, it was difficult to choose the appropriate peak to subject to analysis 
between subjects. The profile of moment waveforms was much more consistent across 
participants in the two groups and thus was chosen to analyze.  
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Figure 2. Average Hip Power First Peak  
 
 
 
The first maximum hip extensor moment was selected with the intention of 
analyzing the weight acceptance portion of the running gait. There was no difference in 
peak hip moments between the two groups. This may be due to the fact that the runners 
in both were running at sub-maximal efforts. The running velocities may not have been 
large enough to elicit an appropriate difference in moments between the groups. It may 
be hypothesized that testing at a faster velocity would stimulate differences between the 
two groups.  
The third hypothesis that the CrossFit group would have less hip and knee range 
of motion was also rejected. There were no differences in hip or knee range of motion 
between the two groups. However, significantly greater hip range of motion was 
observed with the 3.5 m/s condition for both groups. The average preferred running 
velocity for both groups was 83% as fast as the set velocity condition of 3.5 m/s. 
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Greater hip range of motion was seen with the increasing velocity of the 3.5 m/s 
condition. The participants responded to the perturbations in running velocity as 
expected.29 
Conclusion 
 
Although there were few differences between the two groups, the main finding of 
this study is that the CrossFit group was significantly stronger than the run-only group. 
This is of importance because it demonstrates that even though the CrossFit group was 
stronger, the running mechanics of the two groups were similar. Therefore, having more 
strength may not negatively influence running mechanics. Future studies may look into 
the influence of CrossFit training on running endurance as the current study did not 
investigate any variables of endurance performance.    
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